Pain management after total knee arthroplasty (TKA) remains among the most important challenges for patients with TKA. Intra-articular local anesthetic has been shown to reduce postoperative pain following TKA. However, studies report conflicting results. This meta-analysis evaluated the efficacy and safety of single-dose intraarticular local anesthetics for pain control after TKA. Databases (Cochrane Central Register of Controlled Trials, Embase, PubMed, Web of Science, and Chinese Biomedical Databases) were searched to identify randomized, controlled trials comparing local anesthetic with placebo in patients undergoing TKA. Data were extracted independently by 2 researchers using a standardized form. Risk of bias was assessed with the use of the Cochrane Collaboration's tool for assessing the risk of bias by 2 observers. Relative risk, standardized mean difference, and corresponding 95% confidence interval were calculated. Seventeen trials met the inclusion criteria, for a total of 1338 participants. The results showed that, compared with the placebo group, the single local anesthetic group had a significant lower pain score with rest at 4, 8, 24, and 48 hours; less opioid consumption at 24, 48, and 72 hours postoperatively; and greater range of motion at 24, 48, and 72 hours. There were no significant differences between the 2 groups in length of hospital stay, nausea and vomiting, pruritus, sedation, or deep venous thrombosis. The study findings showed that pain relief after TKA was significantly better with intra-articular local anesthetic than with placebo. [Orthopedics. 2015; 38(7):e573-e581.]
T otal knee arthroplasty (TKA) is among the most successful orthopedic procedures in improving quality of life and restoring patients to a higher level of function with less pain. However, approximately 41% of patients report moderate to severe pain within 48 hours of surgery. 1 Pain after TKA can delay early mobilization, prolong hospitalization, and increase the risk of postoperative complications (delayed recovery of strength, prolonged knee stiffness, anterior knee pain). 2, 3 Multiple anesthetic regimens and techniques have been designed to control postoperative pain after TKA, including patient-controlled analgesia, epidural anesthesia, and femoral nerve block. 4 However, these techniques can be associated with severe complications. For example, femoral nerve block is often technically demanding and may lead to motor blockade. 5 A local anesthetic, such as bupivacaine, infiltrated into the surgical wound is an inexpensive and simple technique to provide postoperative analgesia. This technique has been applied in clinical practice for postoperative pain control, such as TKA or hip arthroplasty. 6 Numerous studies have investigated the analgesic efficacy of local anesthetic injection after TKA. Some authors 3, 7, 8 showed the benefit of local anesthetics in the early postoperative period, whereas others [9] [10] [11] [12] found no significant difference between local anesthetics and placebo. Ritter et al 13 investigated the efficacy of intra-articular bupivacaine injection for 24 hours after TKA and found no significant difference or superior postoperative analgesic effects compared with saline. However, Williams et al 14 randomized patients to receive either bupivacaine or saline and found that bupivacaine did not improve pain scores or reduce morphine use. There is still no consensus on the analgesic efficacy of intra-articular local anesthetics for pain management in TKA.
The goal of this study was to evaluate the efficacy and side effects of intraarticular local anesthetics in patients undergoing TKA. The authors conducted a quantitative meta-analysis of all available randomized, controlled trials.
Methods
This study followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.
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Literature Search
The Cochrane Central Register of Controlled Trials, PubMed, Embase, Web of Science, and Chinese Biomedical Databases were searched from the earliest available date to August 2013. Search keywords were "bupivacaine," "levobupivacaine," "ropivacaine," "local anesthetic," "knee arthroplasty," and "knee replacement" in combination with "randomized controlled trials." There were no restrictions on study dates or language. Reference lists of obtained studies and relevant articles were searched manually.
The search was conducted by 2 authors (R.F., Z.L.) independently, and disagreements were revolved by discussion with a third author (Q.M.).
Inclusion Criteria and Study Selection
The studies obtained were analyzed by 2 authors independently. All eligible studies had to meet the following criteria: (1) the study was a randomized, placebocontrolled trial; (2) patients were treated with TKA; and (3) the intervention group received intra-articular or periarticular injection of local anesthetics for postoperative pain control.
The primary outcomes in this metaanalysis were pain score with rest and activity and opioid consumption. The authors used the visual analog scale and a numeric rating scale. Other outcomes were range of motion, length of hospital stay, and side effects, including nausea and vomiting, pruritus, and sedation. 
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Data Abstraction and Quality Assessment
Data from all obtained articles were extracted by 2 reviewers independently. Data collected included location (country), number of patients, age, sex ratio, type of anesthesia, use of epinephrine, and follow-up period.
The quality of the articles was assessed with the Cochrane Collaboration's tool for assessing risk of bias. 16 This tool evaluated 6 aspects of randomized, controlled trials: random sequence generation, allocation concealment, blinding, incomplete outcome data, selective reporting, and other bias.
Statistical Analysis
The authors used Review Manager version 5.2 software (RevMan 5.2, The Cochrane Collaboration, Oxford, United Kingdom) to manage the extracted data. For continuous outcomes, results were summarized with mean difference or standardized mean difference and the corresponding 95% confidence interval (CI). Dichotomous data on side effects were expressed as relative risk and corresponding 95% CI. If different local anesthetics were used, each group was considered as a single study in the meta-analysis. The homogeneity of effect size across studies was assessed with the I 2 index, which was deemed significant at I 2 >50%. In case of n Feature Article
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When heterogeneity was present, several subgroup or sensitivity analyses based on different local anesthetic injections were performed to identify potential sources.
Results
Search Results and Characteristics of Included Studies
The initial online database search identified 366 articles. After titles and abstracts were screened, 336 articles were excluded. The remaining 30 articles were retrieved for further review. Initially, 17 studies 3,6-14,17-23 met the inclusion criteria ( Figure) . The 17 studies included 1338 patients, 706 in the local anesthetic group and 632 in the placebo group. Of the studies, 7 were conducted in Europe, 5 in the United States, and 5 in Asia. Language of publication was English for 14 studies and Chinese for 3. 18, 21, 23 Ten studies used bupivacaine, 6 studies 8, 9, 17, 18, 20, 23 used ropivacaine, and only 1 study 7 used levobupivacaine. The characteristics of the 17 included studies are shown in Table 1 .
Quality Assessment
Only 9 studies 3, 6, [8] [9] [10] 13, 14, 17, 22 described the detailed methods of random sequence generation, although all 17 studies were randomized. In addition, only 5 7, 8, 12, 17, 22 adequately described allocation concealment and 15 studies used blinding methods for outcome and patients ( Table 2) .
Meta-analysis
Pain Score. n Feature Article 
Subgroup Analysis
Subgroup analysis examined potential sources of heterogeneity in the comparison between the local anesthetic group and the placebo group and investigated the influence of various exclusion criteria on overall risk estimate. Table 3 shows that the results were stable and reliable. The funnel plot test showed no evidence of publication bias in the included studies.
The details results of meta-analysis are provided in Table 4 .
discussion
Based on 17 randomized studies, the most important findings of this metaanalysis were that local anesthetic achieved better pain relief, lower opioid consumption, and greater range of motion than placebo. In addition, no statistically significant differences were found between the 2 groups in length of hospital stay and side effects.
Postoperative analgesic techniques after TKA include peripheral nerve block, epidural anesthesia, and local infiltration analgesia. 4, 5 A multimodal local infiltration analgesic technique with a mixture of ropivacaine, ketorolac, and epinephrine was developed by Kerr and Kohan 24 in Sydney, Australia. Recently, 2 metaanalyses showed that local infiltration analgesia containing local anesthetics provided effective pain relief and reduced opioid consumption. 25, 26 However, because all previous studies used combinations of agents, it is unclear whether isolated use of infiltration of a local anesthetic agent at the time of surgery provides pain relief or reduces the frequency of complications. Some studies showed that intra-articular local anesthetic was an effective and easily used analgesia technique for reduction of pain and opioid consumption. 6, 19 However, other studies 13, 14 did not support the use of local anesthetic infiltration in TKA. Compelling evidence from randomized, controlled trials shows that intra-articular local anesthetics provided better pain control in TKA than placebo.
The findings of this meta-analysis indicated that local anesthetic infiltration can provide significant pain relief and reduce opioid consumption. Local injections of anesthetics around a total knee prosthesis work through several mechanisms: providing an afferent nociceptor blockade to prevent the transmission of painful nerve impulses, inhibiting inflammatory mediator release, and reducing the formation of free radicals and edema. 27, 28 Most included studies supported the use of local anesthetics in TKA, whereas some studies 9-14 reported little or no pain relief with the use of local anesthetics compared with placebo. The conflicting findings on the use of local anesthetics for pain control may be the result of various factors, including the type of anesthetic, variability in procedures, patient factors such as pain tolerance, and actual potency of the intervention. 29, 30 Ruwe et al 31 showed that higher preoperative visual analog scale scores were associated with higher postoperative visual analog scale scores, suggesting that the critical factor in the perception of postoperative pain is the perception of preoperative pain.
It is also possible that the choice of a different local anesthetic agent could affect outcome. Three local anesthetic agents were used in the authors' meta-analysis: bupivacaine, ropivacaine, and levobupivacaine. Subgroup analyses showed that these 3 drugs can decrease the pain score. Compared with bupivacaine or ropivacaine, levobupivacaine may be the anesthetic of choice because it offers fewer side effects than bupivacaine for comparable dosing. 32 Of the 17 included studies, 8 combined local anesthetics with epinephrine. The addition of epinephrine to local anesthetics helps to release ropivacaine into the vascular system and prolongs its local action. In addition, the use of epinephrine in bupivacaine injection may have decreased bleeding into the knee. 19 Subgroup analysis showed that both local anesthetics combined, with or without epinephrine, can achieve significant pain relief compared with placebo.
The side effects of local anesthetic injection should also be considered. Metaanalysis showed no significant difference between the local anesthetic group and the placebo group in the incidence of side effects, indicating that infiltration of local anesthetics was safe. However, followup is needed to determine the long-term results of side effects, such as infection. Only 6 of the 17 studies reported the incidence of complications.
Strengths and Limitations
To the authors' knowledge, this is the first meta-analysis to assess the effect of single-dose local anesthetic infiltration in pain management in patients undergoing TKA. In total, 17 studies were included in the analysis. All included studies were randomized, representing the highest level of evidence. The GRADE (Grading of Recommendations, Assessment, Development, and Evaluation) system was used to evaluate the evidence of the results of the authors' meta-analysis, making the information convenient for clinicians to use.
The included studies also had some limitations. Although all included studies were randomized, 7 studies did not report the sequence of randomization and only 5 studies used sealed envelopes. Multicenter, high-quality randomized, controlled trials are still needed. In addition, inhomogeneity was noted among included studies. For instance, different doses of local anesthetics might limit the conclusions, although subgroup analysis was performed. Future studies should investigate the effect of different doses of local anesthetics on pain control. Finally, the follow-up period may be too short, especially with regard to adverse events, such as infection. Studies with long-term follow-up should be conducted in the future.
conclusion
Based on 17 randomized, controlled trials, the authors' meta-analysis concluded that for patients undergoing TKA, single-dose local anesthetic infiltration was effective in achieving pain relief, reducing opioid consumption, and improving range of motion without increasing the risk of complications.
